Background: Pregnancy induced hypertension may indicate a tendency towards endothelial and metabolic abnormalities leading to future cardiovascular disease. Childhood socioeconomic adversity is associated with increased cardiovascular disease risk but the association with pregnancy induced hypertension is unknown. Aim: To examine the association of childhood and adulthood socioeconomic position with pregnancy induced hypertension. Design: Historical cohort study with record linkage to obstetric data. Subjects: 3485 women who were born in Aberdeen between 1950 and 1956 and delivered 7080 viable singleton offspring in the period up until to 1999. Main outcome measure: Pregnancy induced hypertension (pre-eclampsia and gestational hypertension) in these women's pregnancies. Results: Neither childhood nor adulthood socioeconomic position were associated with either preeclampsia or gestational hypertension. The fully adjusted odds ratio (95% confidence interval) comparing those born in manual social classes to those born in non-manual social classes for pre-eclampsia was 1.10 (0.72 to 1.73) and for gestational hypertension was 1.02 (0.83 to 1.32). Similar results comparing women in manual with non-manual social classes classified at the time of each pregnancy were 1.09 (0.73 to 1.67) for pre-eclampsia and 0.99 (0.81 to 1.30) for gestational hypertension. Conclusion: Although imprecise these results suggest that neither childhood nor adulthood socioeconomic adversity is associated with pregnancy induced hypertension.
P regnancy induced hypertension is one of the commonest complications of pregnancy and is associated with preterm delivery, fetal growth retardation, abruptio placentae, and maternal morbidity and mortality. 1 2 Pregnancy induced hypertension may be complicated by proteinuria and/or oedema (pre-eclampsia) or it can occur in isolation (gestational hypertension). Both conditions are associated with the development of insulin resistance, the insulin resistance syndrome, essential hypertension, and cardiovascular disease events in later life. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] These findings suggest that they may both be early adult manifestations of a tendency to endothelial and metabolic abnormalities, which are disclosed by the physiological stress of pregnancy, which in turn lead to future cardiovascular disease.
Adverse childhood socioeconomic position is associated with increased insulin resistance and cardiovascular disease risk in later life independently of adult socioeconomic position. [14] [15] [16] [17] This association between childhood socioeconomic adversity and adult cardiovascular disease is likely to involve a number of different pathways. From a policy perspective it is important to know whether early life socioeconomic adversity results in irreversible endothelial and metabolic dysfunction or whether there is a cumulative effect over the life course that may be modified by interventions in later life, thus alleviating all or part of much of the adverse effect of early deprivation. Examining the association between childhood socioeconomic position and pregnancy induced hypertension is one way of extending this area of research. An association between childhood socioeconomic adversity and pregnancy induced hypertension would provide some evidence that early life socioeconomic adversity is associated with endothelial and metabolic dysfunction that is present in early adulthood.
A few studies have examined the association between adult socioeconomic position and pregnancy induced hypertension and have found contradictory results: some have found poor socioeconomic circumstances around the time of pregnancy to be positively associated with pregnancy induced hypertension, [18] [19] [20] one study found an inverse association with higher rates among the better off, 21 and other studies have found no association. [22] [23] [24] [25] [26] These contradictory results are likely to reflect differences in the study populations and differences in the range of potential confounding factors that each study was able to take into account. However, the absence of any clear evidence of an association between adult socioeconomic position and pregnancy induced hypertension does not preclude an effect of childhood socioeconomic position if childhood is the critical period for the establishment of the pathological processes that then lead to later disease.
The aim of this study is to assess the association between childhood and adulthood socioeconomic position and pregnancy induced hypertension in a large historical cohort. To our knowledge no previous study has examined the association between childhood socioeconomic circumstances and pregnancy induced hypertension.
METHODS

Study participants
The Aberdeen children of the 1950s study is a cohort of 12 150 children (6276 boys, 5874 girls) who were born in Aberdeen, Scotland between 1950 and 1956 and who took part in a child development survey in the 1960s. [27] [28] [29] Comprehensive information was abstracted from the Aberdeen Maternity and Neonatal Databank (AMND) about the course of their mother's pregnancy and their characteristics at birth (1950) (1951) (1952) (1953) (1954) (1955) (1956) . 28 In 1999 this cohort study was revitalised and between 2000 and 2002, surviving cohort members were mailed a health questionnaire. 27 Obstetric record linkage Information regarding pregnancies of the female cohort members (1969-1999) was obtained from two sources: maternity discharge data (SMR2 records) and the AMND. 30 The information and statistics division of the NHS in Scotland (ISD) used probabilistic matching based on five variables (current surname, maiden name, first and second initial, full date of birth, and postcode of residence) to obtain obstetric details for cohort members in all SMR2 delivery files. 31 Obstetric data were also obtained by independent linkage to the AMND. This database, which has collated data on all obstetric events in women attending Aberdeen maternity hospitals since 1946, includes a linkage of women born in Aberdeen to their own offspring delivered in Aberdeen. 32 Linkage was restricted to singleton deliveries of viable infants, defined as a birth weight of at least 500 grams and a gestational age of at least 24 completed weeks. Figure 1 outlines how information from these two data sources was merged and the data cleaning procedures undertaken. 30 
RELIABILITY OF RECORD LINKAGE DATA AND SENSITIVITY ANALYSES
Full perinatal information (birth weight, gestational age, father's occupation) at their birth was available for 4997 (88.7%) of the original female cohort participants and of these, 3485 (69.7%) were linked to valid records of their offspring pregnancies and deliveries, yielding 7080 singleton viable offspring (see fig 1) . The remaining 1512 (30.3%) study members were not linked to delivery records. These women will include those who have had no children at the time of the record linkage (women were aged between 43 to 49 years at the time of the linkage), those who had deliveries outside of Scotland, and also those who had deliveries in Scotland but for whom the linkage process failed. Female participants were asked about their obstetric histories in the questionnaire mailed to surviving cohort members. The response proportion to this questionnaire among surviving female cohort members was 68%. Of the 3485 women who were linked to an offspring delivery 2399 (69%) completed a questionnaire. There was exact agreement between their self report of number of children and the number of children they were allocated in the record linkage for 2001 (83%) of these 2399 women, representing 4207 offspring. Of the 2399 questionnaire responders 344 reported a total of 454 offspring who were not identified through the record linkage procedure. Of these 454 offspring 138 (30%) were born outside of Scotland, 258 (57%) were born in Aberdeen, 46 (10%) were born outside Aberdeen but in Scotland, and for 12 (3%) no place of birth could be identified. Of the 258 births in Aberdeen 194 (75%) were born before 1978. When the main analyses were repeated in the subgroup of 2001 women with 4207 pregnancies for whom there was exact agreement between questionnaire and record linkage there were no substantive differences to the results presented here.
There were 40 ''false positive'' offspring who were linked to 18 mothers who did not identify these offspring in their questionnaire response. The median (interquartile range) linkage score for these false positive links was 24 (22 to 32). In sensitivity analyses in which the analyses were repeated using higher thresholds of the linkage score for defining a link none of the results differed from those presented here. When the analyses were restricted to pregnancies identified in AMND only there were no substantive differences to the results presented here.
Exposure and outcome assessment Pregnancy details, including occurrence of pregnancy induced hypertension, maternal age at delivery, maternal smoking during pregnancy, gestational age, birth weight, and sex of the infant were obtained from the linked SMR2 and AMND information (fig 1) . The participant's own birth characteristics and details of whether her mother experienced pregnancy induced hypertension when the participant was in utero were recorded in the original study and were obtained from the AMND database in 1962.
For data from the SMR2 records pregnancy induced hypertension was coded using International Classification of Diseases (ICD) codes for obstetric discharges. Although these codes have standard definitions the data from SMR2 reflect standard clinical practice and the variation that occurs within that practice. Codes will tend to be applied based on the written diagnoses in the medical records and these may not always adhere to the standard definitions. For the AMND dataset specific criteria have been carefully applied since its inception and all obstetric records are reviewed, before being entered into the database, by obstetricians who apply agreed diagnostic criteria for the database. For these cases gestational hypertension was defined as diastolic pressure >90 mm Hg on two occasions at least four hours apart or a single reading of >110 mm Hg from 20 weeks' gestation in a previously normotensive woman. Pre-eclampsia was defined as gestational hypertension plus proteinuria of >0.3 g/ 24 hours. Where data on pre-eclampsia were available from both SMR2 and AMND sources the AMND data were used. Furthermore, the analyses were repeated in the subgroup of women with linkages to the AMND database (that is, excluding those with SMR2 linkage) only and these results compared with the main results for the whole dataset.
Childhood social class was based on the occupations of the participant's fathers at the time of their birth (seven categories: I, professional; II, managerial; III-non-manual, skilled non-manual; III-manual, skilled manual; IV, semi-skilled; V, unskilled manual and unemployed, which were collapsed into two categories non-manual (I-IIINM) and manual (IIIM to V and unemployed)). Adult social class was based on the women's partner's occupations at the time of birth of their children and was categorised in a similar way to that for social class at birth.
Statistical methods
We used x 2 tests of independence and Student's t test to compare prevalences and means of characteristics between Table 1 Means (SD) and percentages (95% confidence intervals) of pregnancy characteristics according to whether the offspring pregnancy (n = 7080) was complicated by a hypertensive disease *Pregnancies uncomplicated by either manifestation of pregnancy induced hypertension (either pre-eclampsia or gestational hypertension) are reference group for both. ÀFor difference between pregnancies complicated by pre-eclampsia and those uncomplicated by either manifestation of pregnancy induced hypertension.
For difference between pregnancies complicated by gestational hypertension and those uncomplicated by either manifestation of pregnancy induced hypertension. Robust standard errors were used to take account of non-independence of data.
women with pre-eclampsia or gestational hypertension with those with no evidence of pregnancy induced hypertension. Multiple logistic regression was used to assess the association between childhood and adulthood social class and both preeclampsia and gestational hypertension, taking into account potential confounding and mediating factors. In both sets of logistic regression models the reference group was women with no evidence of pregnancy induced hypertension. Robust standard errors, which take into account non-independence between repeated pregnancies within the same woman, were used to calculate p values and 95% confidence intervals in all models. There were missing data for each potential confounder, this was particularly so for smoking during pregnancy, which was only consistently recorded in AMND records. The effect of adjustment for potential confounding factors has been assessed by comparing the crude association with the adjusted association for each individual covariate just on the subgroup of women with complete data on that covariate. Maternal age at the time of pregnancy (two yearly categories), parity, smoking during pregnancy (none, (10, (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , .20 per day), the participant's mother's history of pregnancy induced hypertension (none, gestational hypertension, and pre-eclampsia), and adult social class were entered as indicator variables. A similar series of regression models were used to assess the association between social class at the time of pregnancy and both manifestations of pregnancy induced hypertension. F tests were used to assess statistical evidence for an interaction between childhood and adult social class-that is, to discover if the effect of childhood manual social class on pregnancy induced hypertension differed between women who were in manual social classes as adults and those who were in nonmanual social classes. Stata version 8.0 (Stata Corporation, TX, 2002) was used for all analyses.
Research ethics
The Scottish multicentre research ethics committee and local research ethics committees plus the Scottish Privacy Advisory Committee approved the revitalisation of the Aberdeen children of the 1950s cohort. All record linkage to the SMR2 was undertaken by ISD, who provided us with an anonymised dataset for analysis.
RESULTS
The linkage procedure identified 7080 singleton live births to 3485 cohort women (fig 1) . Among these 3485 women 192 (5.5%) had at least one pregnancy complicated by preeclampsia and an additional 1223 (35.1%) had gestational hypertension. Of the 7080 pregnancies 201 (2.8%) were complicated by pre-eclampsia and an additional 1584 (22.4%) were complicated by gestational hypertension. Table 1 shows means and prevalences of pregnancy characteristics by whether the pregnancy was complicated by pregnancy induced hypertension or not. Our results for these associations are in the same direction and of similar magnitudes to what one would expect based on consistent results from previous studies.
Association of childhood socioeconomic position with pre-eclampsia and gestational hypertension The proportion of women from manual social classes at birth among those with no history of pregnancy induced hypertension did not differ from those who experienced pre-eclampsia in at least one pregnancy (82.1% compared with 80.8%, p = 0.63) or from those who experienced gestational hypertension (82.1% compared with 81.5%, p = 0.75). Table 2 shows the association of childhood social class with preeclampsia and gestational hypertension in various subgroups of the study population defined according to the data available on potential confounders. Although smoking in pregnancy tends to mask the association, there was no robust evidence in any of the models for an association between childhood social class and either pre-eclampsia or gestational hypertension. The fully adjusted odds ratio (95% confidence interval) comparing those born in manual social classes with Number varies and is given in first column for each set of models. *Both outcomes are compared with a reference group of no evidence of pregnancy induced hypertension. ÀDuring participant's intrauterine development.`All potential confounding factors: adult social class, maternal age, parity, smoking in pregnancy, history of pregnancy induced hypertension in participant of mother. Robust standard errors were used to take account of nonindependence of data.
those born in non-manual social classes for pre-eclampsia was 1.10 (0.72 to 1.73) and for gestational hypertension was 1.02 (0.83 to 1.32).
Association of adulthood socioeconomic position with pre-eclampsia and gestational hypertension Adult social class at the time of each pregnancy was not associated with pre-eclampsia or any gestational hypertension. The fully adjusted odds ratio (95% confidence interval) comparing manual with non-manual social classes at the time of pregnancy for pre-eclampsia was 1.09 (0.73 to 1.67) and for gestational hypertension was 0.99 (0.81 to 1.30). As adult socioeconomic position is associated with cardiovascular disease and risk factors this result was somewhat surprising. We therefore examined this further by looking at the association of our outcomes with a range of measures of socioeconomic position in middle age derived from responses to the postal questionnaire survey (table 3) . Although results are imprecise, none of these indicators of socioeconomic position in middle age seem to be convincingly associated with pre-eclampsia. Gestational hypertension did not show any evidence of an association (not shown). There was no evidence of a statistical interaction between childhood and adult social class (based on partners occupation at time of pregnancy) in their associations with either pre-eclampsia (p = 0.32) or pregnancy induced hypertension (p = 0.65).
Associations of socioeconomic position with pregnancy induced hypertension in the previous generation (mothers of study subjects) In the children of the 1950s cohort we were able to examine these same associations in the immediately preceding maternal generation. Among the mothers of the study subjects there was no association between either adult or childhood socioeconomic position and pregnancy induced hypertension.
The age, parity, and adult social class adjusted odds ratio for the participant's mother having pre-eclampsia in the participant's intrauterine period was 1.16 (0.88 to 1.57) and that of the participant's mother having gestational hypertension was 0.99 (0.87 to 1.13) based on the social class of the mother's father. The equivalent odds ratios based on social class of the mother's husband at the time of the subject's birth were 1.10 (0.80 to 1.54) and 1.12 (0.93 to 1.35). Data were not available to adjust for smoking and other potential covariates in this generation, but these associations are consistent with those for the participants (the next generation) presented in tables 2 and 3. There was no association between one's mother having pregnancy induced hypertension and being linked to delivery of a viable singleton offspring (those included in the main analysis): odds ratio of being linked to an offspring delivery comparing those with maternal pre-eclampsia with those with no such history with adjustment for maternal age and parity was 1.03 (0.77 to 1.40) and the similarly adjusted odds ratio associated with maternal gestational hypertension was 1.09 (0.93 to 1.27).
DISCUSSION
Our results suggest that neither social class at birth nor in adulthood is associated with increased risk of pregnancy induced hypertension. While some of our results are imprecise, because of missing data, none of the point estimates from any of the models suggested an important effect.
Study strengths and limitations
To our knowledge this is the first study to examine the association of childhood socioeconomic position with pregnancy induced hypertension. Missing data, particularly on smoking during pregnancy was an important weakness with only 50% of all pregnancies having complete data on all potential explanatory variables. However, the crude associations of childhood social class with pre-eclampsia in different subgroups of women with complete data on different covariates were all consistent with each other, suggesting that selection bias because of missing data was negligible. Another potential weakness is the quality and completeness of record linkage. Our reliability check suggested that the linkage was highly specific with very few women being linked to the offspring of other women. The sensitivity analyses with changing thresholds for linkage scores provides further evidence that the results are not affected by false positive linkages. However, the record linkage procedure clearly under-represented the total number of pregnancies to female cohort participants. The linkage was initially undertaken to examine transgenerational effects on birth weight and therefore only single viable births were included, which means that women who experienced an associated pregnancy loss or had multiple births, both of which are associated with pregnancy induced hypertension, were not included. In addition, our comparison with questionnaire responders found that births before 1978 that occurred in Aberdeen Number varies and is given in first column for each set of models. *Social class at birth, maternal age at pregnancy, smoking in pregnancy, parity, history of pregnancy induced hypertension during participant's intrauterine development. ÀParticipant's own personal gross income less than £20000 per year or £400 per week. Robust standard errors were used to take account of non-independence of data.
were often missed. These earlier pregnancies are more likely to be first pregnancies and are therefore more likely to have been affected by pre-eclampsia. Finally, those women who had births outside of Scotland could not be linked. Female cohort participants who left Scotland are more likely to be from higher social classes in childhood and to have lower parity. 33 Missing pregnancies because of early loss, multiple birth, or failure of the linkage system would only importantly bias our results if the association among those who were not included in the analysis was considerably different to those who were. Although smoking data were not available for the participant's mothers for this preceding generation there is no exclusion of women because of linkage failure. It is nevertheless striking that results among this group of women were similar to those for their daughters who comprised the children of the 1950s cohort. This suggests that linkage problems have not importantly biased our results. Furthermore, pregnancy induced hypertension in the mother, which is strongly associated with the condition in the daughter, was not associated with the likelihood of a daughter being linked to a viable singleton offspring delivery and therefore included in the analysis, which again suggests that we do not have important missing cases. Finally, the associations of maternal age, parity, pregnancy induced hypertension in the previous generation, and smoking with pregnancy induced hypertension in our study were similar in magnitude to findings of other cohort studies 23 24 providing some further evidence that our results are not importantly affected by selection bias because of the exclusion of women who had children but who were not linked to our Scottish databases or because of missing data.
Comparisons with other studies
Results from other studies that have assessed the association between adult socioeconomic position and pregnancy induced hypertension have been contradictory. In a cohort of Mexican women the risk of pre-eclampsia was over three times greater among those delivering in a hospital for the uninsured compared with other women, 19 and among South African teenagers there was a strong association between adult poverty and pre-eclampsia. 20 However, associations among populations from developed countries have tended to agree with our results by largely finding no association. [22] [23] [24] [25] [26] It is possible that the associations in developing populations represent poor antenatal care or that only extreme adult poverty influences the risk of pre-eclampsia.
Our findings are at odds with studies showing that both childhood and adult socioeconomic position are associated with adult cardiovascular disease and risk factors measured in later adulthood. [14] [15] [16] [17] However, the evidence that socioeconomic position is associated with blood pressure measured in early life is less clear. 34 Associations between adult socioeconomic position and blood pressure measured in later adulthood (usually measured in middle or old age) have found a consistent inverse association, but most studies of the association of socioeconomic position with blood pressure measured in childhood and early adulthood have found no association. 34 These findings are consistent with ours, as pregnancy induced hypertension by definition occurs in early adulthood during a woman's reproductive years. It is possible, therefore, that the association between childhood socioeconomic position and later life cardiovascular disease and risk factors is not manifest until middle age or later.
Our findings are potentially of relevance to policy. If we had found that childhood socioeconomic adversity was associated with pregnancy induced hypertension then this would imply endothelial dysfunction resulting from adverse early life circumstances was established in early adulthood. While treating hypertension is beneficial, 35 treated and well controlled hypertensive adults still have a substantial excess mortality and reduced survival compared with normotensives, 36 suggesting that once hypertension is established some permanent damage has occurred that despite good treatment and control does not return the person to the same risk as a normotensive person. Thus preventing hypertension in the first instance is clearly an important objective. The consistent finding of an association between childhood socioeconomic position and hypertension, other cardiovascular disease risk factors, and cardiovascular disease risk in older adult life, [14] [15] [16] [17] taken together with our finding of no association between childhood socioeconomic position and pregnancy induced hypertension suggests that adverse childhood socioeconomic position may influence later cardiovascular disease risk not through causing permanent damage in childhood or early adulthood, but by setting someone on a trajectory of risk exposures which together result in manifest disease in later life. There is, for example, evidence that adult behavioural risk factors to some extent mediate the association between childhood socioeconomic position and adult coronary heart disease. 15 While our results should not be used to suggest measures aimed at reducing socioeconomic inequalities in childhood and adulthood are not important they do suggest that for contemporary young adults who were born in adverse circumstances their trajectory towards increased cardiovascular disease risk could be stopped. managed the study at the Dugald Baird Centre, Aberdeen with the assistance of Margaret Beveridge. We would also like to thank staff at the ISD (Edinburgh), GRO (Scotland), and NHSCR (Southport) for their substantial contributions and John Lemon who undertook the linkage to the Aberdeen Maternity and Neonatal Databank. Finally, we thank the study participants who responded to a mailed questionnaire 40 years after the original survey was completed. N The association between childhood socioeconomic position and later life cardiovascular disease and risk factors does not seem to be manifest in early adulthood.
